Objective: This study evaluates the results of open reduction and hook-plate fixation in the treatment of osseous mallet finger and compares S-and Y-shaped incisions used for the approach.
Introduction
Mallet finger is known as extension loss at the distal interphalangeal joint (DIP). It is called soft-tissue mallet finger if it is caused due to extensor tendon rupture at zone I and osseous mallet finger if it is caused by bony avulsion of the extensor tendon. Osseous mallet finger is usually seen in young and middle-aged male patients and in approximately 74% of cases, the dominant hand is affected (1, 2) .
The most frequent mechanism of the injury is sudden flexion at the DIP caused by force on the longitudinal axis of the finger (3) . Splint usage is believed to be effective in the treatment of minimally displaced or soft-tissue mallet finger; however, if there is more than 3 mm excursion of the extensor tendon, extensor lag or bump formation at the dorsal part of the finger can be seen as complications (1, (4) (5) (6) (7) . Surgical treatment is recommended if there is volar subluxation, mostly due to the bony fragment including >50% of the joint surface, dorsal bony fragment which include >30% of the joint surface or >3 mm of displacement, failed previous treatment, and open injuries (2, (8) (9) (10) . The most frequent sequels of the neglected mallet finger are extensor lag, a prominent bump on the dorsal surface of the finger, and swan neck deformity (2) .
There are several surgical techniques in the treatment of mallet finger such as repair using micro-screws, Kirshner wire pinning, and hook-plate, external fixator or button application (11) (12) (13) (14) (15) (16) (17) . Surgical treatment has advantages in terms of early postoperative mobilization of fingers and early return to work. However, it may have some disadvantages such as nail deformities, paronychia, osteomyelitis, skin necrosis, and joint contractures (18) . This retrospective study compared clinical and radiological results of S-shaped and Y-shaped incisions in the treatment of osseous mallet finger using open reduction and hook-plate fixation.
Methods
This study was performed according to the declaration of Helsinki and institutional review board approval was obtained. Between January 2012 and September 2014, 28 patients (20 males and 8 females) who were admitted to our emergency department, diagnosed with osseous mallet finger, and surgically treated using open reduction and hook-plate fixation were included in the study. Patient charts and hospital's digital data were retrospectively reviewed. The patients were divided into two groups according to their incision types. An S-shaped incision (group I) was used in 18 patients (12 males and 6 females) and a Y-shaped incision (group II) was used in 10 (8 males and 2 females) patients ( Table 1 ). The mean ages of the patients were 29 (range, 12-64) years in group I and 28 (range, 15-36) years in group II. In group I, fractures were on the right hand in 12 patients and on the left hand in six patients, whereas in group II, fractures were on the right hand and left hand in five patients each. None of the fractures were open fractures.
The fractures were classified according to Wehbe and Schneider (1). All patients who had volar subluxation of the distal phalanx, dorsal fragment including >30% of the joint, or displacement of >3 mm were offered surgical treatment. Surgeries were performed under digital block anesthesia using custom-made finger tourniquet by two surgeons via S-shaped or Y-shaped incisions (Figure 1, 2) . After open reduction of the fractures, fixations were achieved using hook-plates (Medartis, Basel, Switzerland).
All operated fingers were immobilized using single finger splints and passive range of motions (ROM) of the DIP joints were started on postoperative day 2. Passive ROM exercises were performed for 10 min each day for 2 weeks. Between 2 and 6 weeks, active flexion and passive extension of the DIP joint was applied. The splint remained fixed except during sleep and physical therapy until the end of 6 weeks.
Antero-posterior and lateral radiographs were obtained at 3 and 6 weeks and 3 months (Figure 3, 4) . Functional evaluations were performed after the first year of follow-up using Crawford's criteria (19) . Complications were also recorded.
Statistical analysis
Flexion and extension ranges of the groups were compared using Mann-Whitney U test and the rate of complications were compared using chi-square test. P values of <0.05 was accepted as statistically significant.
Results
All fractures healed within 2 months after the surgeries. According to Crawford's criteria, in group I, seven patients had excellent results and 11 patients had good results; in group II, four patients had excellent results, five patients had good results, and one patient had fair results ( Table 2 ). The mean extension loss was 6.38°C (range; 0°C-10°C) in group I and 6.5° (range; 0°C-30°C) in group II (p=0.727). The mean range of flexion was 61.1°C (range, 50°C-80°C) in group I and 60.5°C (range; 50°C-75°C) in group II (p=0.546).
Total numbers of complications were eight in five patients. Osteomyelitis or DIP joint arthritis was not seen in any pa- tient during the follow-up period. In group I, the only complication was nail deformities in two patients ( Figure 5 ). In group II, nail deformities (n=3), paronychia (n=1) that was treated using antibiotics, skin necrosis (n=1) requiring debridement and implant removal ( Figure 6 ), and implant exposition (n=1) after 8 weeks of follow-up ( Figure 7 ) were recorded as complications. Due to these complications, plates were removed in six patients for cosmetic reasons or nail deformity (n=4), implant exposition (n=1), and skin necrosis (n=1). The patient with skin necrosis was treated using an extension brace after implant removal, and the fracture was healed with malunion with approximately 30° of extension loss. During the follow-up, nail deformities had improved. 
Discussion
Open or closed techniques in mallet finger surgeries aim to obtain functional, pain-free DIP joints without extension lag. The most frequently used techniques of the closed reduction groups include K-wire fixation. In a study regarding K-wire fixation of the osseous mallet finger by Lubahn et al. (20) the mean range of DIP joint flexion was 55°C and up to 20°C of extension lag was reported. Pegoli et al. (21) found that 13 of their 65 patients (20%) resulted with fair results due to inappropriate reduction.
In a study on open reduction and K-wire fixation by Fritz et al. (22), 21 out of the 24 patients (87.5%) had <10°C extension lag; however, six patients (25%) had narrowing of DIP joint space. Zhang et al. (15) stated that although excellent results were obtained in 52 of 64 patients in whom K-wire stabilization and pull out wire technique were performed, they observed dissatisfaction in many patients due to external wires during 6 weeks. In the current study, joint space narrowing or arthritis was not seen in any patient, and the mean flexion ranges were 61.1°C in group I and 60.5°C in group II. Full extension in 11 patients, up to 10°C of extension deficit in 16 patients, and 30° extension deficit in one patient was seen.
In the treatment of the mallet finger using hook-plate, Teoh and Lee used their modified hook-plate and reported successful results in all patients (13) . Later, Szaly et al. (23) reported excellent results in 35 of 59 patients and good results in 16 patients. In our series, excellent results with full extension were obtained in 11 of 28 patients and good results in 16 patients and fair results in one patient, according to Crawford's criteria. In total, 27 of 28 patients had <10°C extension loss.
Complication rate of the surgical treatment varies in the literature (5%-63%) and osteomyelitis, extension lag, implant failure, nail deformities, skin necrosis, loss of reduction, pin tract infection, incongruent joint, and osteoarthritis are re- ported as complications (24, 25) . Lange et al. recommends obtaining a congruent joint without subluxation (26) . In some studies, anatomical reduction and internal fixation of the displaced fragment is recommended to avoid joint stiffness and deformities (3, 9) . Wehbe et al. (1) reveals that insufficient or inappropriate treatment of the mallet finger may result in early osteoarthritis, limitation in extension, and swan neck deformity. Stern et al. (27) reported that the highest complication rate was seen in K-wire fixation between different surgical techniques.
After open reduction, nail deformities can develop due to close relation between nail germinal matrix and fracture line. In a study comparing extension block and open reduction and internal fixation using mini-screw, nail deformities were seen in two patients in extension block pinning group (28) . Szaly et al. (23) reported nail deformities in 7 of 59 patients (11.9%). This rate was 17.8% (5 of 28 patients) in our study.
Szalay et al. (23) used Y-shaped, S-shaped, and H-shaped incisions and reported no inflammation or surgical site healing problem. In our study, although similar functional results and ROM of the DIP joints were found between the groups, the number of complications was three times higher in the Yshaped incision group. In this group, infection, skin necrosis, and implant exposition increased the complication rate. In our patient, skin necrosis was probably related to malposition of the plate.
Conclusion
According to the results of our study and the literature, we conclude that in the treatment of osseous mallet finger, open reduction and internal fixation using a hook-plate is a reproducible, successful, and alternative method that allows rigid fixation and early mobilization. The rate of complications can be decreased using an "S-shaped" incision during the exposure. However, patients should be informed about possible skin problems and nail deformities. 
